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COMPILING SOURCE CODE USING of benchmark data , each of the sets of benchmark data 
SOURCE CODE TRANSFORMATIONS including data indicating an efficiency of a portion of 
SELECTED USING BENCHMARK DATA another executable program code compiled using a respec 

tive source code transformation at executing in the at least 
BACKGROUND one data processing environment . The compiling the source 

code also can include compiling the portion of the source 
The present invention relates to computer programming , code using the selected source code transformation . and more specifically , to compiling computer program code . This Summary section is provided merely to introduce 
A compiler is a computer program that translates com certain concepts and not to identify any key or essential puter program code written in one programming language , features of the claimed subject matter . Other features of the the source language , into another programming language , inventive arrangements will be apparent from the accompa the target language . A compiler typically translates source nying drawings and from the following detailed description . code from a high - level programming language to a low - level 

language ( e.g. , assembly language , object code , or machine BRIEF DESCRIPTION OF THE DRAWINGS code ) to create an executable program . 
SUMMARY The inventive arrangements are illustrated by way of 

example in the accompanying drawings . The drawings , 
In one or more embodiments , a method includes receiving however , should not be construed to be limiting of the 

a source code and architecture information for at least one 20 inventive arrangements to only the particular implementa 
data processing environment in which a first executable tions shown . Various aspects and advantages will become 
program code compiled from the source code is to be apparent upon review of the following detailed description 
configured to be executed . The method also can include and upon reference to the drawings . 
compiling the source code to generate the first executable FIG . 1 illustrates an example of a network computing 
program code . The compiling the source code can include 25 environment . 
selecting , using a processor , from a plurality of source code FIG . 2 illustrates examples of sets of benchmark data . 
transformations , a source code transformation to apply to FIG . 3 is a block diagram illustrating example architec 
compile a portion of the source code based on a plurality of ture for a data processing system . 
sets of benchmark data , each of the sets of benchmark data FIGS . 4A and 4B together are a flowchart illustrating an 
including data indicating an efficiency of a portion of 30 example of a method of compiling source using source code 
another executable program code compiled using a respec- transformations selected using benchmark data . 
tive source code transformation at executing in the at least FIG . 5 illustrates an example of a portion of source code 
one data processing environment . The compiling the source to be optimized according to an embodiment of the present 
code also can include compiling the portion of the source invention . 
code using the selected source code transformation . FIG . 6 illustrates an example of a portion of an interme 

In one or more embodiments , a system includes a pro- diate code version of source code corresponding to the 
cessor configured to initiate executable operations . The portion of source code of FIG . 5 . 
executable operations include receiving a source code and FIG . 7 illustrates an example of an optimized version of 
architecture information for at least one data processing the portion of intermediate code of FIG . 6 . 
environment in which a first executable program code 40 
compiled from the source code is to be configured to be DETAILED DESCRIPTION 
executed . The executable operations also can include com 
piling the source code to generate the first executable While the disclosure concludes with claims defining novel 
program code . The compiling the source code can include features , it is believed that the various features described 
selecting from a plurality of source code transformations , a 45 within this disclosure will be better understood from a 
source code transformation to apply to compile a portion of consideration of the description in conjunction with the 
the source code based on a plurality of sets of benchmark drawings . The process ( es ) , machine ( s ) , manufacture ( s ) and 
data , each of the sets of benchmark data including data any variations thereof described herein are provided for 
indicating an efficiency of a portion of another executable purposes of illustration . Specific structural and functional 
program code compiled using a respective source code 50 details described within this disclosure are not to be inter 
transformation at executing in the at least one data process- preted as limiting , but merely as a basis for the claims and 
ing environment . The compiling the source code also can as a representative basis for teaching one skilled in the art to 
include compiling the portion of the source code using the variously employ the features described in virtually any 
selected source code transformation . appropriately detailed structure . Further , the terms and 

In one or more embodiments , a computer program prod- 55 phrases used within this disclosure are not intended to be 
uct includes a computer readable storage medium having limiting , but rather to provide an understandable description 
program code stored thereon . The program code is execut- of the features described . 
able by a processor to initiate operations . The operations This disclosure relates to computer programming , and 
include receiving a source code and architecture information more specifically , to compiling source code . In accordance 
for at least one data processing environment in which a first 60 with the inventive arrangements disclosed herein , automated 
executable program code compiled from the source code is compiler optimization can be implemented using a data 
to be configured to be executed . The operations also can processing system . Compiler optimization applies a 
include compiling the source code to generate the first sequence of optimizing source code transformations on the 
executable program code . The compiling the source code source code to produce semantically equivalent executable 
can include selecting from a plurality of source code trans- 65 program code that minimizes or maximizes attributes of a 
formations , a source code transformation to apply to com- program . The attributes can be time taken to execute the 
pile a portion of the source code based on a plurality of sets program , memory utilization or the power consumed . 

35 
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The data processing system can use machine learning receive the source code in the form of intermediate code and 
techniques to provide compiler optimization as a service to compile that version of the source code . 
multiple software products from multiple vendors . Specifi- As defined herein , the term “ high - level programming 
cally , the data processing system can use benchmark data language ” means a computer programming language whose 
retained from past optimizations of a multiplicity of soft- 5 instructions or statements each correspond to several 
ware products to optimize new service requests . Moreover , machine language instructions . Examples of a high - level 
the data processing system can gather and store additional programming language include , but are not limited to , 
benchmark data each time new program code is compiled . human - readable programming languages such as C , C ++ , 
For example , each time the data processing system compiles BASIC , Pascal , Fortran , COBOL , LISP , ALGOL , APL , 
source code to generate executable program code , the data 10 PL / I , RPG , etc. 
processing system can initiate one or more data processing As defined herein , the term " executable program code ” 
environments ( e.g. , computing architectures ) to execute the means a collection of computer program code , compiled 
executable program code and generate benchmark data for from source code into a low - level programming language , 
such executions . Thus , the optimizations provided by the configured to be executed by at least one processor . Execut 
source code transformations will improve over time . 15 able program code usually includes more than one machine 
The benchmark data can be very granular in nature , for instruction for each symbolic statement contained in the 

example by indicating the performance of a very small source code . 
number of instructions . In this regard , each source code As defined herein , the term “ low - level programming 
transformation that is applied to compiling the source code language ” means a computer programming language con 
can be limited to a small number of instructions . Thus , 20 sisting of mnemonics that directly correspond to machine 
application of the source code transformations to compiling language instructions . In this regard , a low - level program 
the source code can be very granular in nature . For example , ming language provides little or no abstraction from details 
the source code transformations can be applied to perform of an instruction set architecture of data processing systems 
peephole optimization . on which executable program code is configured to be 

The data processing system described herein provides 25 executed . Examples of a low - level programming language 
optimizations which traditional compilers do not provide include , but are not limited to , machine code , assembly code 
due to run - time and compiler development costs that would and byte code . 
be required to provide the optimizations using known tech- As defined herein , the term “ compiler ” means a computer 
niques . Unlike using a normal compiler , the data processing program that translates source code written in one program 
system benchmarks various possible instruction sequences , 30 ming language , the source language , into executable pro 
specified by source code transformations , on target comput- gram code written in another programming language , the 
ing architectures and stores a list of possible ways of solving target language . 
the same problem in the application context , and then picks As defined herein , the term “ compile ” means to generate 
the way that provides efficient use of computing resources . executable program code from source code by translating 
Accordingly , compiler optimizations implemented in accor- 35 the source code into the executable program code . 
dance with the inventive arrangements described herein As defined herein , the term “ source code transformation ” 
improve resource usage by computer programs , thus means a compiler instruction for translating a portion of 
improving performance of data processing systems which source code ( e.g. , a portion of an intermediate code version 
execute the computer programs . In illustration , the optimi- of the source code ) into a portion of executable program 
zations described herein improve the performance of execut- 40 code . 
ing a variety of types of computer instructions , for example , As defined herein , the term “ architecture information " 
SIMD Extensions 3 ( SSSE3 ) instructions , 4x SSE3 instruc- means information indicating an architecture of a data 
tions , advanced vector extensions ( AVX ) instructions , as processing environment . 
well as other types of instructions . As defined herein , the term “ benchmark data ” means data 

Several definitions that apply throughout this document 45 that indicates efficiencies at which executable program code 
now will be presented . executes in at least one data processing environment . 
As defined herein , the term “ source code ” means a As defined herein , the term " set of benchmark data " 

collection of statements in which a computer - program is means data that indicates an efficiency at which a particular 
written before translation into executable program code . portion of executable program code , generated from a por 
Source code usually is written as plain text using a high- 50 tion of source code using a respective source code transfor 
level programming language , and may be translated to an mation , executes in a respective data processing environ 
intermediate representation of the source code ( i.e. , inter- ment . 
mediate code ) before compiling . Source code may include As defined herein , the term “ responsive to ” means 
comments , and typically is initially written with a strong responding or reacting readily to an action or event . Thus , if 
abstraction from details of an instruction set architecture of 55 a second action is performed “ responsive to ” a first action , 
data processing systems on which executable program code , there is a causal relationship between an occurrence of the 
derived by compiling the source code , is configured to be first action and an occurrence of the second action , and the 
executed . A compiler also can receive source code in the term “ responsive to ” indicates such causal relationship . 
form of intermediate code , in which case the compiler may As defined herein , the term " data processing system ” 
directly compile the source code without need for the 60 means one or more hardware systems configured to process 
compiler to translate the source code into the intermediate data , each hardware system including at least one processor 
code before compiling the source code . programmed to initiate executable operations and memory . 
As defined herein , the term “ intermediate code ” means a As defined herein , the term “ processor ” means at least one 

data structure or code used internally by a compiler to hardware circuit ( e.g. , an integrated circuit ) configured to 
represent source code . The compiler may convert source 65 carry out instructions contained in program code . Examples 
code to an intermediate code version of the source code and of a processor include , but are not limited to , a central 
compile the intermediate code version of the source code , or processing unit ( CPU ) , an array processor , a vector proces 



US 10,956,137 B2 
5 6 

sor , a digital signal processor ( DSP ) , a field - programmable formations 145 can be stored to different data storage 
gate array ( FPGA ) , a programmable logic array ( PLA ) , an devices 135. The benchmark data 140 and the source code 
application specific integrated circuit ( ASIC ) , program- transformations 145 will be described herein in further 
mable logic circuitry , and a controller . detail . 
As defined herein , the term “ server ” means a data pro- 5 The client device 115 can be communicatively linked to 

cessing system configured to share services with one or the data processing system 110 via at least one communi more other data processing systems . cation network 150. In the case that the data processing 
As defined herein , the term “ client device ” means a data environment ( s ) 130 is / are external to the data processing processing system that requests shared services from a system 110 , the data processing environment ( s ) also can be server , and with which a user directly interacts . Examples of 10 communicatively linked to the data processing system 110 a client device include , but are not limited to , a workstation , via at least one communication network 150. Similarly , in a desktop computer , a computer terminal , a mobile com the case that data storage device 135 is external to the data puter , a laptop computer , a netbook computer , a tablet 

computer , a smart phone , a personal digital assistant , a smart processing system 110 , the data storage device 135 can be 
watch , smart glasses , a gaming device , a set - top box , a smart 15 communicatively linked to the data processing system 110 
television and the like . Network infrastructure , such as via at least one communication network 150 . 
routers , firewalls , switches , access points and the like , are The communication network 150 is the medium used to 
not client devices as the term " client device ” is defined provide communications links between various devices and 
herein . data processing systems connected together within the net 
As defined herein , the term “ real time ” means a level of 20 work computing environment 100. The communication net 

processing responsiveness that a user or system senses as work 150 may include connections , such as wire , wireless 
sufficiently immediate for a particular process or determi- communication links , or fiber optic cables . The communi 
nation to be made , or that enables the processor to keep up cation network 150 can be implemented as , or include , any 
with some external process . of a variety of different communication technologies such as 
As defined herein , the term “ automatically ” means with- 25 a wide area network ( WAN ) , a local area network ( LAN ) , a 

out user intervention . wireless network , a mobile network , a Virtual Private Net 
As defined herein , the term “ user ” means a person ( i.e. , a work ( VPN ) , the Internet , the Public Switched Telephone 

human being ) . Network ( PSTN ) , or similar technologies . 
FIG . 1 is a block diagram illustrating an example of a In operation , the data processing system 110 can provide 

network computing environment 100. The network comput- 30 to client devices , such as the client device 115 , computer 
ing environment 100 can include at least one data processing code compilation services using the intelligent compiler 
system 110 , for example a server , and at least one client 120. In illustration , the client device 115 can access the data 
device 115. The data processing system 110 can include an processing system 110 and request use of the computer code 
intelligent compiler 120 , which can include a code transfor- compilation services , for example by accessing a web portal 
mation optimizer 122 , and a benchmark management appli- 35 provided by the data processing system 110 , communicating 
cation 125. The intelligent compiler 120 and benchmark a request to the data processing system 110 , etc. Further , the 
management application 125 will be described herein in client device 115 can communicate to the data processing 
further detail . system 110 source code 160 and architecture information 

The network computing environment 100 also can include 165. The source code 160 can be computer program code 
a plurality of data processing environments 130. An example 40 written in a high - level programming language . In a non 
of a data processing environment 130 is a data processing limiting arrangement , the client device 115 can communi 
system , comprising a processor and memory . Another cate the source code 160 as a plurality of modules that are 
example of a data processing environment 130 is a virtual- to be compiled . 
ized environment , such as a virtual machine . In such an The architecture information 165 can include information 
arrangement , one or more virtualized environments can be 45 indicating a type of data processing environment for which 
hosted by the data processing system 110 , though this need executable program code 170 is to be optimized , for instance 
not be the case . For instance , one or more virtualized a computer hardware architecture and / or software architec 
environments can be hosted by one or more other data ture . The architecture information 165 can indicate , for 
processing systems to which the data processing system 110 example , a type of processor on which the executable 
is communicatively linked . In arrangements in which a data 50 program code 170 will be executed ( e.g. , a processor that 
processing environment 130 is a data processing system uses an IBM® Power Architecture® , a processor that uses 
other than the data processing system 110 , or a data pro an x86 instruction set architecture , a processor that uses an 
cessing environment 130 is a virtual machine hosted by X86 instruction set architecture , a processor that uses an 
another data processing system , the data processing envi- is - 64 instruction set architecture , a processor that uses an 
ronments each can execute a respective copy of a bench- 55 ARM instruction set architecture , and so on ) . The architec 
marking application 132 . ture information 165 also can indicate , for example , a 

The network computing environment 100 further can memory architecture for a data processing system on which 
include at least one data storage device 135 in which the executable program code 170 will be executed . For 
benchmark data 140 and source code transformations 145 is instance , the architecture information 165 can indicate a 
stored , for example within one or more data tables ( e.g. , 60 number of memory channels ( e.g. , one , two , three , four , 
database tables ) . The data storage device 135 can be a etc. ) , a type of memory ( e.g. , DDR , DDR2 , DDR3 , DDR4 , 
component of the data processing system 110 or otherwise etc. ) , an amount of memory , a number of levels of cache 
communicatively linked to the data processing system . For memory ( e.g. , L1 , L2 , L3 , etc. ) , an amount of memory at 
instance , the data storage device 135 can be a network each cache memory level , and so on . Further , the architec 
attached storage ( NAS ) to which the data processing system 65 ture information 165 can indicate , for example , hardware 
110 is communicatively linked . In a non - limiting arrange- components , peripherals and / or other software ( e.g. , oper 
ment , the benchmark data 140 and the source code trans- ating system , drivers , services , Graphics processors , 
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FPGA's etc. ) that will be used in a data processing envi- processing system 110 as a plurality of modules , the intel 
ronment during execution of the executable program code ligent compiler 120 can compile the modules and commu 
170 . nicate the resulting executable modules to the client device 

In a non - limiting arrangement , in addition to communi- 115 as the executable program code 170 . 
cating the source code 160 and the architecture information 5 During the compilation of the source code 160 by the 
165 , the client device 115 further can perform a client - side intelligent compiler 120 to generate the executable program 
analysis of the source code 160 and communicate a code code 170 , the code transformation optimizer 122 can select 
profile 168 resulting from such analysis to the data process- one or more source code transformations 145 to apply to 
ing system 110. In illustration , the client device 115 can compiling one or more portions of the source code 160 based 
include a source code analyzer 175 configured to analyze the 10 on the benchmark data 140. The source code transformations 
source code 160. For instance , the source code analyzer 175 are selected to optimize the executable program code that is 
can analyze executable program code 180 previously gen- generated from compiling the source code 160. In illustra 
erated by compiling the source code 160. By way of tion , assume that the code profile 168 indicates portions of 
example , the client device 115 can compile the source code the source code 160 that are in need of optimization ( e.g. , 
160 locally using local compiler , and the source code 15 use of data processing resources by those portions of the 
analyzer 175 can analyze the executable program code 180 source code 160 is inefficient ) . The code transformation 
generated during that compile . In another example , another optimizer 122 can access the benchmark data 140 and 
data processing system to which the client device 115 is identify in the benchmark data 140 source code transforma 
communicatively linked can compile the source code 160 tions 145 applicable to the indicated portions of the source 
and communicate the resulting executable program code 180 20 code 160 and that provide a high level of performance when 
to the client device 115. The source code analyzer 175 can those source code transformations 145 are used to compile 
analyze that version of the executable program code 180 to source code for execution in a data processing environment 
generate the code profile 168 . 130 corresponding to the architecture information 165 . 

During the analysis , the client device 115 can execute the In another example , the code transformation optimizer 
executable program code 180 , and the source code analyzer 25 122 can analyze the source code 160. During the analysis , 
175 can monitor and analyze the executable program code the code transformation optimizer 122 can perform a seman 
180 as it executes . Based on the analysis , the source code tic analysis of the source code 160 and identify portions of 
analyzer 175 can create the code profile 168 for the execut- the source code 160 for which one or more source code 
able program code 180 , and thus for the source code 160 . transformations 145 are available and / or recommended . In 
The analyzing can include identifying portions of the 30 illustration , the intelligent compiler 120 can analyze the 
executable program code 180 that utilize one or more source code 160 itself and / or the intelligent compiler 120 
resources ( e.g. , processor core ( s ) , memory , etc. ) above a can generate an intermediate code version of the source code 
threshold level , trigger exceptions , etc. , and determining 160 and analyze the intermediate code of the source code 
portions of the source code 160 from which those portions 160. The source code 160 can be communicated from the 
of the executable program code 180 are generated . The 35 client device 115 to the data processing system 110 as 
results of the analysis can indicate that those portions of the intermediate code , or the intelligent compiler 120 can gen 
source code 160 are in need of optimization during the erate the intermediate code from the source code 160 . 
compile process to be performed by the intelligent compiler Regardless , the code transformation optimizer 122 can iden 
120. In the case that the source code 160 defines and / or tify , in the source code 160 or the intermediate code version 
manipulates objects , the results of the analysis can indicate 40 of the source code 160 , individual instructions and / or sets of 
such objects as being in need of optimization . related instructions . The code transformation optimizer 122 
The source code analyzer 175 also can remove comments can compare the identified instructions / instruction sets to 

from the source code 160 , or can otherwise obfuscate the instructions / instruction sets for which source code transfor 
source code 160 prior to communicating the source code 160 mations 145 are available in the data storage device ( s ) 135 . 
to the data processing system 110. This can serve to enhance 45 An instruction set can be , for example , a sequence of 
the protection of the client's intellectual property . instructions in which parameters and / or values are passed 

In a non - limiting arrangement , rather than communicating between the sequence of instructions . In another example , an 
the source code 160 to the data processing system 110 , the instruction set can be a sequence of instructions that operate 
client device 115 can communicate to the data processing on the parameters and / or values . 
system 110 an abstract representation of the source code 50 With regard to selecting source code transformations 145 
160. The abstract representation of the source code 160 can to optimize a portion of source code 160 , such as an 
be a list of a sequence of operations to be executed , for instruction or sequence of instructions , assume that there are 
example as an intermediate code version of the source code three source code transformations 145 identified by the code 
160. Hereinafter reference will be made to " source code , " transformation optimizer 122 that are available for use in 
but those of ordinary skill in the art will appreciate that an 55 compiling a portion of the source code 160 for the target 
abstract representation of the source code 160 can be used in architecture ( e.g. , a target data processing environment ) 
lieu of the source code 160 . indicated in the architecture information 165. For instance , 

Responsive to receiving the source code 160 and archi- the source code transformations 145 can be configured to 
tecture information 165 , the intelligent compiler 120 can replace a portion of the source code 160 , or replace a portion 
compile the source code 160 to generate executable program 60 of the intermediate code version of the source code 160 , that 
code 170 optimized for execution on the target architecture corresponds to the portion of the source code 160. The code 
( s ) indicated by the architecture information 165 , and com- transformation optimizer 122 can identify in the benchmark 
municate the executable program code 170 to the client data 140 a set of benchmarks for each of those source code 
device 115. The executable program code 170 can be transformations 145 indicating performance of the source 
computer program code in the form of a low - level program- 65 code transformations on the target architecture . The code 
ming language which is executable by a processor . In the transformation optimizer 122 can select , from among the 
case that the source code 160 is provided to the data identified source code transformations 145 , the source code 
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transformation 145 having the highest performance ( e.g. , ing data processing performance . Such parameters include , 
using the lowest number of processor operations and / or but are not limited to , examples depicted in FIG . 2 and 
clock cycles , having the lowest execution time , not trigger- described below . 
ing exceptions , using the lowest amount of local memory Responsive to generating one or more sets of benchmark 
and / or cache memory , etc. ) . The code transformation opti- 5 data , the respective benchmarking application 132 can com 
mizer 122 can replace the portion of the source code 160 , or municate those sets of benchmark data to the benchmark 
the intermediate code version of the source code 160 , with management application 125. Responsive to receiving the 
the selected source code transformation 145 prior to the set ( s ) of benchmark data , the benchmark management appli 
intelligent compiler 120 translating the source code 160 , or cation 125 can add the set ( s ) of benchmark data to the 
the intermediate code version of the source code 160 , into 10 benchmark data 140. Accordingly , the benchmark data 140 
the executable program code 170 . can be expanded each time source code 160 is compiled to 

In the case that the architecture information 165 indicates generate executable program code . Further , the benchmark 
a plurality of target architectures ( i.e. , target data processing management application 125 can be configured to maintain 
environments ) , the code transformation optimizer 122 can the benchmark data 140 , for example by periodically delet 
identify in the benchmark data 140 sets of benchmarks for 15 ing stale data ( e.g. , data older than a threshold period , data 
each of those source code transformations 145 indicating for data processing environments 130 that have been 
performance of the source code transformations on each of updated , etc. ) . 
the target architectures . For each source code transformation Further , the code transformation optimizer 122 can imple 
145 , the code transformation optimizer 122 can determine ment techniques , such as a genetic programming , to improve 
an average value ( e.g. , a mean , mode or median ) of each 20 frequently appearing code sequences . Genetic programming 
performance parameter indicated in the sets of benchmarks is known in the field of artificial intelligence and includes 
applicable to that source code transformation 145 , and select encoding computer programs as a set of genes that are then 
the source code transformation 145 having the highest modified using an evolutionary algorithm . In illustration , the 
average performance . In a non - limiting arrangement , the code transformation optimizer 122 can initiate a sequence of 
code transformation optimizer 122 can exclude from the 25 processes in which source code transformations 145 are 
selection a source code transformation 145 that triggers one selected , the source code is compiled using the selected 
or more exceptions in one or more of the target architectures . source code transformations 145 and executed in one or 

In some cases benchmark data 140 for a particular source more data processing environments 130 , and benchmark 
code transformation 145 may not yet exist for a particular data is generated and stored as previously described . After 
target architecture . In such cases , the code transformation 30 the first process in the sequence , the code transformation 
optimizer 122 can select that source code transformation 145 optimizer 122 can select one or more different source code 
for use in compiling the source code 160 by the intelligent transformations 145 and initiate a second process in the 
compiler 120 , and initiate the data processing system 110 to sequence . The code transformation optimizer 122 can com 
communicate the resulting executable program code to a pare benchmark data 140 generated during the second 
data processing environment 130 corresponding to the target 35 process to benchmark data 140 generated during the first 
architecture . That data processing environment 130 can process , and identify source code transformations 145 
execute the executable program code and , during the execu- applied in the second process that improve , and those that do 
tion , the corresponding benchmarking application 132 can not improve , the performance of the resulting executable 
generate corresponding benchmark data . The benchmarking program code in comparison to the source code transforma 
application 132 can communicate corresponding benchmark 40 tions 145 applied in the first process . After the second 
data to the benchmark management application 125 , which process in the sequence , the code transformation optimizer 
can add that received benchmark data to the benchmark data 122 can select one or more different source code transfor 
140. The code transformation optimizer 122 then can repeat mations 145 and initiate a third process in the sequence . The 
the above described process of selecting the source code code transformation optimizer 122 can compare benchmark 
transformation 145 providing the highest performance , this 45 data 140 generated during the third process to benchmark 
time including in the analysis the benchmark data received data 140 generated during the first and second processes . 
from the benchmarking application 132 , as well as bench- The source code transformation optimizer 122 can continue 
mark data for other source code transformations 145 that the sequence of processes until a predefined number of 
may be considered . processes have been completed . The source code transfor 

In this regard , the benchmark data 140 can include a 50 mation optimizer 122 then can analyze the benchmark data 
plurality of sets of benchmark data 140 indicating the 140 generated during each of the processes and identify 
performance of portions of previously generated executable source code transformations 145 whose benchmark data 140 
program code , generated using the source code transforma- indicates the highest level of performance in the target data 
tions 145 , at executing in various data processing environ- processing environments 130. The source code transforma 
ments 130. Responsive to a respective data processing 55 tion optimizer 122 can select the identified source code 
environment 130 executing executable program code , the transformations 145 for use in compiling the source code 
benchmarking application 132 of that data processing envi- 160 to generate the executable program code 170 that is 
ronment 130 can monitor the execution of the executable delivered to the client device 115 . 
program code and generate respective sets of benchmark At this point it should be noted that the operations 
data 140. In the case that a data processing environment 130 60 described herein performed by the data processing system ( s ) 
is hosted by the data processing system 110 , the data 110 and data processing environments 130 can be performed 
processing system 110 and / or that data processing environ- automatically , in real time , in response to the data processing 
ment 130 also can execute a copy of the benchmarking system 110 receiving the source code 160 and architecture 
application 132 to monitor execution of executable program information 165 from the client device 115 . 
code and generate respective sets of benchmark data 140. 65 FIG . 2 illustrates examples of sets 200 of benchmark data 
The monitoring performed by each benchmarking applica- 140. Each of the plurality of sets 200 of benchmark data 140 
tion 132 can include monitoring various parameters indicat- can indicate an efficiency at which a particular portion of 
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The computer readable storage medium can be a tangible Aspects of the present invention are described herein with 
device that can retain and store instructions for use by an reference to flowchart illustrations and / or block diagrams of 
instruction execution device . The computer readable storage methods , apparatus ( systems ) , and computer program prod 
medium may be , for example , but is not limited to , an ucts according to embodiments of the invention . It will be 
electronic storage device , a magnetic storage device , an 5 understood that each block of the flowchart illustrations 
optical storage device , an electromagnetic storage device , a and / or block diagrams , and combinations of blocks in the semiconductor storage device , or any suitable combination flowchart illustrations and / or block diagrams , can be imple of the foregoing . A non - exhaustive list of more specific mented by computer readable program instructions . examples of the computer readable storage medium includes These computer readable program instructions may be the following : a portable computer diskette , a hard disk , a 
random access memory ( RAM ) , a read - only memory provided to a processor of a general purpose computer , 
( ROM ) , an erasable programmable read - only memory special purpose computer , or other programmable data pro 
( EPROM or Flash memory ) , a static random access memory cessing apparatus to produce a machine , such that the 
( SRAM ) , a portable compact disc read - only memory ( CD instructions , which execute via the processor of the com 
ROM ) , a digital versatile disk ( DVD ) , a memory stick , a 15 puter or other programmable data processing apparatus , 
floppy disk , a mechanically encoded device such as punch create means for implementing the functions / acts specified 
cards or raised structures in a groove having instructions in the flowchart and / or block diagram block or blocks . These 
recorded thereon , and any suitable combination of the fore- computer readable program instructions may also be stored 
going . A computer readable storage medium , as used herein , in a computer readable storage medium that can direct a 
is not to be construed as being transitory signals per se , such 20 computer , a programmable data processing apparatus , and / 
as radio waves or other freely propagating electromagnetic or other devices to function in a particular manner , such that 
waves , electromagnetic waves propagating through a wave- the computer readable storage medium having instructions 
guide or other transmission media ( e.g. , light pulses passing stored therein comprises an article of manufacture including 
through a fiber optic cable ) , or electrical signals transmitted instructions which implement aspects of the function / act 
through a wire . 25 specified in the flowchart and / or block diagram block or 

Computer readable program instructions described herein blocks . 
can be downloaded to respective computing / processing The computer readable program instructions may also be 
devices from a computer readable storage medium or to an loaded onto a computer , other programmable data process 
external computer or external storage device via a network , ing apparatus , or other device to cause a series of operational 
for example , the Internet , a local area network , a wide area 30 steps to be performed on the computer , other programmable 
network and / or a wireless network . The network may com- apparatus or other device to produce a computer imple 
prise copper transmission cables , optical transmission fibers , mented process , such that the instructions which execute on 
wireless transm on , routers , firewalls , es , gateway the computer , other programmable apparatus , or other 
computers and / or edge servers . A network adapter card or device implement the functions / acts specified in the flow 
network interface in each computing / processing device 35 chart and / or block diagram block or blocks . 
receives computer readable program instructions from the The flowchart and block diagrams in the Figures illustrate 
network and forwards the computer readable program the architecture , functionality , and operation of possible 
instructions for storage in a computer readable storage implementations of systems , methods , and computer pro 
medium within the respective computing / processing device . gram products according to various embodiments of the 

Computer readable program instructions for carrying out 40 present invention . In this regard , each block in the flowchart 
operations of the present invention may be assembler or block diagrams may represent a module , segment , or 
instructions , instruction - set - architecture ( ISA ) instructions , portion of instructions , which comprises one or more 
machine instructions , machine dependent instructions , executable instructions for implementing the specified logi 
microcode , firmware instructions , state - setting data , or cal function ( s ) . In some alternative implementations , the 
either source code or object code written in any combination 45 functions noted in the block may occur out of the order noted 
of one or more programming languages , including an object in the figures . For example , two blocks shown in succession 
oriented programming language such as Smalltalk , C ++ or may , in fact , be executed substantially concurrently , or the 
the like , and conventional procedural programming lan- blocks may sometimes be executed in the reverse order , 
guages , such as the “ C ” programming language or similar depending upon the functionality involved . It will also be 
programming languages . The computer readable program 50 noted that each block of the block diagrams and / or flowchart 
instructions may execute entirely on the user's computer , illustration , and combinations of blocks in the block dia 
partly on the user's computer , as a stand - alone software grams and / or flowchart illustration , can be implemented by 
package , partly on the user's computer and partly on a special purpose hardware - based systems that perform the 
remote computer or entirely on the remote computer or specified functions or acts or carry out combinations of 
server . In the latter scenario , the remote computer may be 55 special purpose hardware and computer instructions . 
connected to the user's computer through any type of The terminology used herein is for the purpose of describ 
network , including a local area network ( LAN ) or a wide ing particular embodiments only and is not intended to be 
area network ( WAN ) , or the connection may be made to an limiting of the invention . As used herein , the singular forms 
external computer ( for example , through the Internet using “ a , ” “ an , ” and “ the ” are intended to include the plural forms 
an Internet Service Provider ) . In some embodiments , elec- 60 as well , unless the context clearly indicates otherwise . It will 
tronic circuitry including , for example , programmable logic be further understood that the terms “ includes , ” “ including , " 
circuitry , field - programmable gate arrays ( FPGA ) , or pro- " comprises , ” and / or " comprising , ” when used in this dis 
grammable logic arrays ( PLA ) may execute the computer closure , specify the presence of stated features , integers , 
readable program instructions by utilizing state information steps , operations , elements , and / or components , but do not 
of the computer readable program instructions to personalize 65 preclude the presence or addition of one or more other 
the electronic circuitry , in order to perform aspects of the features , integers , steps , operations , elements , components , 
present invention . and / or groups thereof . 
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Reference throughout this disclosure to " one embodi- compiling the portion of the source code using the 
ment , ” “ an embodiment , " " one arrangement , " " an arrange selected source code transformation . 
ment , " " one aspect , " " an aspect , ” or similar language means 2. The method of claim 1 , further comprising : 
that a particular feature , structure , or characteristic described communicating the first executable program code to a first 
in connection with the embodiment is included in at least 5 data processing environment having a first architecture 
one embodiment described within this disclosure . Thus , and , responsive to the first data processing environment appearances of the phrases “ one embodiment , " " an embodi executing the first executable program code , receiving ment , ” “ one arrangement , ” “ an arrangement , ” “ one aspect , " from the first data processing environment a plurality of “ an aspect , ” and similar language throughout this disclosure first sets of benchmark data , each of the plurality of first may , but do not necessarily , all refer to the same embodi- 10 sets of the first benchmark data indicating an efficiency ment . of the first data processing environment at processing a The term “ plurality , ” as used herein , is defined as two or 
more than two . The term " another , ” as used herein , is respective portion of the first executable program code ; 

and defined as at least a second or more . The term " coupled , ” as 
used herein , is defined as connected , whether directly with- 15 creating a correspondence between each of the plurality of 
out any intervening elements or indirectly with one or more first sets of first benchmark data , a respective source 
intervening elements , unless otherwise indicated . Two ele code transformation used to generate the respective 
ments also can be coupled mechanically , electrically , or portion of the first executable program code , and the 
communicatively linked through a communication channel , first architecture of the first data processing environ 
pathway , network , or system . The term “ and / or ” as used 20 ment . 
herein refers to and encompasses any and all possible 3. The method of claim 2 , further comprising : 
combinations of one or more of the associated listed items . communicating the first executable program code to a 
It will also be understood that , although the terms first , second data processing environment having a second 
second , etc. may be used herein to describe various ele architecture and , responsive to the second data process 
ments , these elements should not be limited by these terms , 25 ing environment executing the first executable program 
as these terms are only used to distinguish one element from code , receiving from the second data processing envi 
another unless stated otherwise or the context indicates ronment a plurality of second sets of benchmark data , 
otherwise . each of the plurality of second sets of benchmark data The term “ if ” may be construed to mean “ when ” or indicating an efficiency of the second data processing " upon ” or “ in response to determining ” or “ in response to 30 environment at processing the respective portion of the detecting , " depending on the context . Similarly , the phrase first executable program code ; and “ if it is determined " or " if [ a stated condition or event ] is 
detected ” may be construed to mean " upon determining ” or creating a correspondence between each of the plurality of 

second sets of benchmark data , the respective source " in response to determining ” or “ upon detecting [ the stated code transformation used to generate the respective condition or event ) ” or “ in response to detecting [ the stated 35 
condition or event ] , ” depending on the context . portion of the first executable program code , and the 

The descriptions of the various embodiments of the second architecture of the second data processing envi 
present invention have been presented for purposes of ronment . 
illustration , but are not intended to be exhaustive or limited 4. The method of claim 1 , wherein the compiling the 
to the embodiments disclosed . Many modifications and 40 portion of the source code using the selected source code 
variations will be apparent to those of ordinary skill in the transformation comprises replacing a portion of an interme 
art without departing from the scope and spirit of the diate code version of the source code with the selected 
described embodiments . The terminology used herein was source code transformation . 
chosen to best explain the principles of the embodiments , the 5. The method of claim 4 , wherein at least one of the 
practical application or technical improvement over tech- 45 plurality of source code transformations implements a peep 
nologies found in the marketplace , or to enable others of hole optimization , wherein the peephole optimization is an 
ordinary skill in the art to understand the embodiments optimization of a set of instructions of the intermediate code 
disclosed herein . version of the source code to be compiled that includes less 

than a threshold number of instructions . 
What is claimed is : 6. The method of claim 1 , wherein at least one of the 
1. A method , comprising : plurality of source code transformations implements a peep 
receiving a source code and architecture information for hole optimization , wherein the peephole optimization is an 

at least one data processing environment in which a optimization of a set of instructions of the source code to be 
first executable program code compiled from the source compiled that includes less than a threshold number of 
code is to be configured to be executed ; 55 instructions . 

compiling the source code to generate the first executable 7. The method of claim 1 , wherein the architecture 
program code , the compiling the source code compris- information indicates a type of processor and a type of 
ing : memory of the at least one data processing environment in 
selecting , using a processor , from a plurality of source which the first executable program code is to be configured 

code transformations , a source code transformation 60 to be executed . 
to apply to compile a portion of the source code 8. A system , comprising : 
based on a plurality of sets of benchmark data , each a processor programmed to initiate executable operations 
of the sets of benchmark data comprising data indi- comprising : 
cating an efficiency of a portion of another execut- receiving a source code and architecture information for 
able program code compiled using a respective 65 at least one data processing environment in which a 
source code transformation at executing in the at first executable program code compiled from the source 
least one data processing environment ; and code is to be configured to be executed ; 

50 
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compiling the source code to generate the first executable 14. The system of claim 8 , wherein the architecture 
program code , the compiling the source code compris- information indicates a type of processor and a type of 
ing : memory of the at least one data processing environment in 
selecting from a plurality of source code transforma- which the first executable program code is to be configured 

tions , a source code transformation to apply to com- 5 to be executed . 
pile a portion of the source code based on a plurality 15. A computer program product , comprising : 
of sets of benchmark data , each of the sets of a computer readable storage medium having program 
benchmark data comprising data indicating an effi- code stored thereon , the program code executable by a 
ciency of a portion of another executable program data processing system to initiate operations including : 
code compiled using a respective source code trans- 10 receiving a source code and architecture information for 
formation at executing in the at least one data at least one data processing environment in which a 
processing environment ; and first executable program code compiled from the source 

compiling the portion of the source code using the code is to be configured to be executed ; 
selected source code transformation . compiling the source code to generate the first executable 

9. The system of claim 8 , the executable operations 15 program code , the compiling the source code compris 
further comprising : ing : 

communicating the first executable program code to a first selecting from a plurality of source code transforma 
data processing environment having a first architecture tions , a source code transformation to apply to com 
and , responsive to the first data processing environment pile a portion of the source code based on a plurality 
executing the first executable program code , receiving 20 of sets of benchmark data , each of the sets of 
from the first data processing environment a plurality of benchmark data comprising data indicating an effi 
first sets of benchmark data , each of the plurality of first ciency of a portion of another executable program 
sets of the first benchmark data indicating an efficiency code compiled using a respective source code trans 
of the first data processing environment at processing a formation at executing in the at least one data 
respective portion of the first executable program code ; 25 processing environment ; and 
and compiling the portion of the source code using the 

creating a correspondence between each of the plurality of selected source code transformation . 
first sets of first benchmark data , a respective source 16. The computer program product of claim 15 , wherein 
code transformation used to generate the respective the program code is executable by the data processing 
portion of the first executable program code , and the 30 system to initiate operations further comprising : 
first architecture of the first data processing environ- communicating the first executable program code to a first 
ment . data processing environment having a first architecture 

10. The system of claim 9 , the executable operations and , responsive to the first data processing environment 
further comprising : executing the first executable program code , receiving 

communicating the first executable program code to a 35 from the first data processing environment a plurality of 
second data processing environment having a second first sets of benchmark data , each of the plurality of first 
architecture and , responsive to the second data process sets of the first benchmark data indicating an efficiency 
ing environment executing the first executable program of the first data processing environment at processing a 
code , receiving from the second data processing envi- respective portion of the first executable program code ; 
ronment a plurality of second sets of benchmark data , 40 and 
each of the plurality of second sets of benchmark data creating a correspondence between each of the plurality of 
indicating an efficiency of the second data processing first sets of first benchmark data , a respective source 
environment at processing the respective portion of the code transformation used to generate the respective 
first executable program code ; and portion of the first executable program code , and the 

creating a correspondence between each of the plurality of 45 first architecture of the first data processing environ 
second sets of benchmark data , the respective source ment . 
code transformation used to generate the respective 17. The computer program product of claim 16 , wherein 
portion of the first executable program code , and the the program code is executable by the data processing 
second architecture of the second data processing envi- system to initiate operations further comprising : 
ronment . communicating the first executable program code to a 

11. The system of claim 8 , wherein the compiling the second data processing environment having a second 
portion of the source code using the selected source code architecture and , responsive to the second data process 
transformation comprises replacing a portion of an interme- ing environment executing the first executable program 
diate code version of the source code with the selected code , receiving from the second data processing envi 
source code transformation . ronment a plurality of second sets of benchmark data , 

12. The system of claim 11 , wherein at least one of the each of the plurality of second sets of benchmark data 
plurality of source code transformations implements a peep- indicating an efficiency of the second data processing 
hole optimization , wherein the peephole optimization is an environment at processing the respective portion of the 
optimization of a set of instructions of the intermediate code first executable program code ; and 
version of the source code to be compiled that includes less 60 creating a correspondence between each of the plurality of 
than a threshold number of instructions . second sets of benchmark data , the respective source 

13. The system of claim 8 , wherein at least one of the code transformation used to generate the respective 
plurality of source code transformations implements a peep- portion of the first executable program code , and the 
hole optimization , wherein the peephole optimization is an second architecture of the second data processing envi 
optimization of a set of instructions of the source code to be 65 ronment . 
compiled that includes less than a threshold number of 18. The computer program product of claim 15 , wherein 
instructions . the compiling the portion of the source code using the 
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selected source code transformation comprises replacing a 
portion of an intermediate code version of the source code 
with the selected source code transformation . 

19. The computer program product of claim 18 , wherein 
at least one of the plurality of source code transformations 5 
implements a peephole optimization , wherein the peephole 
optimization is an optimization of a set of instructions of the 
intermediate code version of the source code to be compiled 
that includes less than a threshold number of instructions . 

20. The computer program product of claim 15 , wherein 10 
at least one of the plurality of source code transformations 
implements a peephole optimization , wherein the peephole 
optimization is an optimization of a set of instructions of the 
source code to be compiled that includes less than a thresh 
old number of instructions . 15 


